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INTRODUCTION 


> 


Resistance  to  available  chemotherapy  is  critical  to  our  failure  to  cure  advanced  breast  cancer. 
The  mechanisms  responsible  for  drug  resistance  in  breast  cancer  are  likely  to  be  multiple. 
However,  expression  of  one  of  them,  the  protein  product  of  the  MDRl  gene  P-glycoprotein 
(Pgp),  appears  to  correlate  with  a  more  than  3-fold  increased  relative  risk  of  breast  cancers 
failing  to  respond  to  systemic  chemotherapy  [1].  Pgp  is  a  membrane  glycoprotein  whose 
expression  in  vitro  confers  a  multidrug  resistant  phenotype,  apparently  by  an  active  efflux 
mechanism  from  the  cell  membrane  bilayer  [2].  Pgp  substrates  include  several  critical 
anticancer  agents  including  anthracyclines,  taxanes,  Vinca  alkaloids  and  epipodophyllotoxins 

[3]. 

The  number  and  heterogeneity  of  MDRl  substrates  is  matched  by  the  variety  of  non¬ 
anticancer  compounds  that  are  able  to  inhibit  the  MDRl  multidrug  resistant  phenotype  [4]. 
Binding  to,  and  transport  by,  Pgp  have  been  demonstrated  for  several  of  these  compounds 
[5-9].  This,  and  evidence  from  more  direct  binding  studies  [10-12],  suggest  that  several 
compounds  may  inhibit  the  MDRl  phenotype  by  a  competitive  mechanism. 

Relatively  few  of  the  many  MDRl -reversing  agents  active  in  vitro  have  so  far  reached 
clinical  trial  [13].  Most  “first  generation”  drugs  were  originally  designed  for  different 
purposes;  their  use  for  MDRl -reversal  is  limited  by  toxicity  that  is  often  related  to  their 
original  pharmacological  purpose.  For  example,  racemic  verapamil  is  active  on  Pgp  at 
concentrations  that  are  difficult  to  reach  at  the  plasma  level  without  significant 
cardiovascular  toxicity  [14].  Progesterone  and  tamoxifen  dose-limiting  toxicities  are 
represented  by  central  nervous  system  side  effects  [15, 16].  Cyclosporin,  a  drug  for  which 
evidence  of  clinical  efficacy  has  been  obtained  in  myeloma  patients  [17],  is  an 
immimosuppressive  agent  and  can  cause  hyperbilirubinemia  at  the  doses  required  for  MDRl 
reversal  [13].  “Second  generation”  MDRl  inhibitors  include  drugs  selected  to  be  less  toxic. 
These  include  dexverapamil,  dexniguldipine  and  S9788.  Nonetheless,  clinical  use  of  all  three 
drugs  is  limited  by  cardiovascular  toxicity  [18-21].  Finally,  “third  generation”  drugs  are 
supposedly  the  result  of  a  targeted  drug  discovery  approach.  Perhaps,  the  most  advanced  in 
clinical  trial  is  the  cyclosporin  analog  SDZ  PSC  833  (Valspodar).  Evidence  of  activity  of  this 
drug  has  been  obtained  in  refractory  or  relapsed  multiple  myeloma  and  acute  myelogenous 
leukemia  [22,  23].  However,  SDZ  PS  833  administration  has  caused  hyperbilirubinemia 
(frequently)  and,  sporadically,  severe  ataxia  [23, 24].  The  toxicities  observed  so  far  highlight 
the  need  for  more  rationally  designed  agents  with  improved  therapeutic  index. 

We  have  used  a  rational  analog-based  approach  to  design  of  new  and  more  effective  MDRl- 
reversing  agents.  We  have  selected  a  natural  and  relatively  non-toxic  steroid,  progesterone, 
as  our  lead  compoimd,  and  introduced  modifications  partly  based  on  the  available  knowledge 
about  the  structural  determinants  of  both  MDRl  and  of  the  steroid  hormonal  activity. 
Progesterone  is  the  most  potent  of  the  physiological  steroids  for  reversing  the  MDRl 
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phenotype  [25].  Bulky  substitutions  in  the  C7  position  of  the  steroid  nucleus  inhibit  its 
hormonal  activity  [26].  Moreover,  bulky  substitutions  also  appear  to  increase  MDRl- 
reversing  activity,  as  further  confirmed  by  tests  of  the  activity  of  Cl  1-substituted  steroidal 
agents  carried  out  in  this  lab  (data  are  shown  in  the  original  Proposal).  Using  these  clues,  we 
designed  and  synthesized  progesterone  analogs  where  a  bulky  side  chain,  including  one  or 
two  aromatic  rings  and  a  urea  group,  is  substituted  on  the  C7  position  of  the  steroidal 
nucleus.  These  novel  analogs  of  progesterone  (PgA)  show  not  only  an  increased  MDRl 
reversing  activity  (up  to  35  fold  higher  than  the  parental  compound,  in  terms  of  both 
chemosensitization  and  increased  cell  accumulation  of  vinblastine),  but  also  decreased 
progesterone  agonist  and  glucocorticoid  agonist/antagonist  activities.  The  most  favorable 
ratio  of  MDRl -reversing  to  hormonal  activity  was  observed  with  PgA4,  an  analog  where  the 
C7  side-chain  includes  two  aromatic  rings  (rings  E  and  F)  connected  by  a  urea-containing 
bridge  (data  presented  in  the  original  Proposal). 

This  Research  Project  has  the  following  objectives  (as  defined  in  the  Statement  of  Work): 
(1)  in  vivo  evaluation  of  PgA4’s  toxicity  and  potency  for  reversal;  (2)  bridge  optimization 
and  in  vitro  potency;  (3)  F-ring  optimization  and  in  vitro  potency;  (4)  in  vivo  evaluation  of 
bridge/F-ring  optimized  analogues;  (5)  mechanistic  studies. 

During  the  first  two  years,  we  have  actively  pursued  our  first  three  Objectives.  In  the  first 
year,  we  have;  (1)  carried  out  a  meta-analysis  of  published  studies  to  demonstrate  the  impact 
of  Pgp  expression  on  breast  cancer  response  to  chemotherapy;  (2)  started  to  define  a 
formulation  based  on  the  use  of  hydroxypropylcyclodextrin  to  optimize  PgA4’s  delivery 
(PgA4  is  poorly  soluble  in  aqueous  solution  and  this  represents  a  potential  limitation  to  its 
use  in  vivo);  (3)  tested  the  possible  use  of  doxorubicin  accumulation  in  solid  tumors  as  a 
preliminary  endpoint  of  in  vivo  MDRl -reversing  activity. 

In  the  following  sections,  we  describe  the  work  accomplished  in  the  second  year  of  this 
research  project.  We  have  further  characterized  the  in  vivo  differential  accumulation  of 
doxorubicin  in  Pgp-positive  and  -negative  human  breast  cancer  cells  grown  as  ascites.  We 
have  confirmed  PgA4’s  formulation  for  in  vivo  treatment  and  initiated  preliminary 
evaluations  of  PgA4’s  in  vivo  toxicity  and  MDRl -reversing  activity.  New  analogs  have  been 
synthesized,  allowing  both  an  optimization  of  MDRl -reversing  activity  in  vitro  (now,  almost 
100-fold  higher  than  progesterone  for  the  most  potent  compound)  and  an  improved 
understanding  of  PgA’s  structure-activity  relationships.  Finally,  we  have  started  the 
characterization  and  optimization  of  a  new  chromatographic  system,  based  on  the  use  of  Pgp- 
containing  columns,  which  will  allow  us  to  pursue  Objective  5  (Mechanistic  studies)  in  the 
course  of  the  third  year  of  this  Project. 

In  the  Results  and  Discussion  section  our  data  are  discussed  and  the  next  steps  dscribed,  in 
relation  to  the  stated  objectives  of  this  research  project.  Objectives  2  and  3  (respectively. 
Bridge  and  F  ring  optimization)  represent  different  aspects  of  a  study  to  optimize  structure- 
activity  relationships  and  optimize  in  vitro  and  in  vivo  MDRl -reversing  activity.  Data 
concerning  these  two  objectives  are  consequently  presented  and  discussed  imder  a  common 
subsection. 
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BODY  OF  REPORT 


METHODS 

Evaluation  of  UV  profile  and  Specific  Absorption  Coefficient  (£'y0 
PgA4  was  dissolved  in  methanol  at  1  mg/ml.  An  aliquot  from  this  stock  was  diluted  to  10 
|j,g/ml  in  methanol.  The  UV  profile  of  the  diluted  solution  was  evaluated  using  a  Beckman 
DU-460  spectrophotometer  by  scanning  its  absorbance  between  190  and  390  nm  wavelength. 
Based  on  PgA4  UV  profile,  we  chose  245  nm  as  our  reference  wavelength  for  future 
evaluations,  as  this  corresponds  to  a  plateau  in  the  UV  profile.  The  specific  absorption 
coefficient  £/,  defined  as  the  absorption  at  path  length  1  cm  and  compound  concentration 
10  mg/ml,  was  calculated  by  multiplying  the  recorded  absorption  at  245  nm  wavelength  by 
1000.  The  average  PgA4’s  Ej'  was  376.1  +/-  4.3  (mean  +/-  SE  of  3  separate  determinations). 

Evaluation  of  PgA4  solubility  in  different  vehicles. 

A  saturating  amount  of  PgA4  was  suspended  in  the  test  vehicle  and  kept  shaking  overnight, 
at  room  temperature.  The  drug  suspension  was  then  spun  in  a  microfuge  at  13,200  rpm  for 
10  min  and  the  supernatant  filtered  through  Micropure  separators  (Amicon).  After  a  1 :200 
dilution  in  the  same  vehicle,  the  filtrates  were  evaluated  for  UV  absorption  at  245  nm.  Drug 
concentration  in  the  undiluted  filtrates,  assumed  to  represent  its  solubility  in  the  specific 
vehicle,  was  calculated  as: 

Cs  =A\dfx\0/  E/ 

where  Cs  represents  drug  solubility,  A  the  absorption  at  245  nm  wavelength,  df  the  factor 
by  which  filtrates  were  diluted  (=200),  and  E/  is  the  specific  absorption  coefficient  and  is 
=376  (as  described  above). 

Doxorubicin  accumulation  assay:  The  MDRl -reversing  activity  of  all  new  agents  was 
evaluated  in  terms  of  their  effect  on  doxorubicin  accumulation  in  MDA435/LCC6'^d*^' 
human  breast  cancer  cells  [27].  Pgp-negative  MDA435/LCC6  [27]  were  used  as  a  negative 
control  and  to  evaluate  non-Pgp-specific  effects.  MDA435/LCC6  and  MDA435/LCC6'^’^‘ 
cells  were  plated  at  2.5  x  10’  cells/well  in  the  wells  of  24-well  plates,  and  incubated  for  24 
hrs  at  37  °C  in  a  humidified,  95%  air/5%  CO2  atmosphere.  24  hours  after  plating,  cells  were 
treated  by  exchanging  spent  media  with  the  media  containing  the  test  compounds  at  4 
different  concentrations  +  doxorubicin  4  |iM  (0.5  ml/well).  All  treatments  were  carried  out 
in  triplicate.  Cell  cultures  were  then  reincubated  at  37  “C  for  3  hours.  Treatments  were 
stopped  by  carefully  washing  wells  once  with  0.5  ml/well  ice-cold  NaCl  (0.15  M).  Cells 
from  reference  wells  in  each  plate  were  counted.  Doxorubicin  was  extracted  from  the  cell 
monolayer  in  the  remaining  wells  by  first  adding  0.75  ml  dHjO,  and  then  0.75  ml  40% 
trichloroacetic  acid  per  well.  Plates  were  incubated  overnight  at  4  °C  in  the  dark.  For 
spectrofluorimetry,  1 .2  ml  of  the  extract  from  each  well  were  transferred  into  13  x  100  mm 
borosilicate  glass  tubes  placed  in  the  10  x  10  rack  of  a  Hitachi  A3000  Autosampler.  The 
autosampler  was  connected  to  a  Hitachi  F4500  Spectrofluorimeter.  Fluorescence  of  each 
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sample  was  read  at  500  nm  excitation  and  580  nm  emission  wavelengths.  The  doxorubicin 
concentration  in  each  sample  was  calculated  by  interpolation  on  a  doxorubicin  standard 
curve  and  normalized  by  extract  volume  and  number  of  cells  per  well. 

Analysis  of  data  from  accumulation  studies.  Results  were  plotted  both  in  terms  of  the 
estimated  drug  concentration  per  10®  cells  and  as  the  percentage  of  drug  accumulation 
differential  (difference  between  accumulation  in  untreated  MDA435/LCC6  and 
MDA435/LCC6'^’^‘  cells)  reversal  vs.  test  compound  concentration.  MDRl -reversing 
potency  was  calculated  in  terms  of  the  chemosensitizer  concentration  that  induces  a  50% 
reduction  in  the  drug  accumulation  differential  (ED^g)  the  Pgp-positive  cells,  by 
interpolation  on  the  dose-response  curve.  A  “MDRl -specific”  ED 50  value  was  obtained  by 
interpolation  on  the  doseOresponse  curves  corrected  by  subtraction  of  the  accumulation  effect 
in  the  Pgp-negative  cells. 

Evaluation  of  in  vivo  toxicity  (preliminary). 

Before  we  could  proceed  to  test  the  in  vivo  MDRl -reversing  activity  of  PgA4,  we  needed  to 
confirm  the  lack  of  toxicity  of  the  PgA4  treatment  regimen  to  be  used  in  combination  with 
doxorubicin.  NCr  nu/nu  female  athymic  nude  mice  (two  per  treatment  group)  were  treated 
with  either  PgA4,  prepared  at  1.5  mg/ml  in  20%  hydroxypropylcyclodextrin,  15  mg/Kg,  or 
the  same  amount  of  vehicle  sc,  twice  a  day  for  3  days.  Mice  were  observed  for  immediate 
or  delayed  signs  of  toxicity  (mortality,  altered  behavior,  decrease  in  body  weight  gain). 

Doxorubicin  accumulation  in  ascites  cells  in  vivo 

NCr  nu/nu  female  athymic  nude  mice  were  inoculated  with  either  2x10®  MDA435/LCC6 
(control)  or  MDA435/LCC6'^^'  i.p.  After  ascites  developed,  mice  were  treated  with 
doxorubicin  (12  mg/kg)  and  then  sacrificed  at  1, 6  and  24  hrs  post  administration.  The  ascitic 
fluid  was  collected  and  spun  in  a  microfuge  at  4000  rpm  for  4  min,  the  relative  pellet 
extracted  with  20%  trichloroacetic  acid  and  the  extract  evaluated  for  doxorubicin  content 
fluorimetrically,  as  described  above. 

Evaluation  of  in  vivo  MDRl  reversing  activity. 

The  effect  on  the  doxorubicin  accumulation  in  ascites  cells  was  used  as  the  endpoint  for  the 
evaluation  of  PgA4  in  vivo  MDRl -reversing  activity.  Mice  were  prepared  as  described 
above  and,  once  the  ascites  had  matured,  assigned  to  two  major  treatment  groups  (4  mice  per 
group  per  cell  line).  One  group  was  treated  with  PgA4  s.c.,  as  described  above  for  the 
evaluation  of  PgA4’s  in  vivo  toxicity.  The  other  group  was  treated  with  an  equivalent 
amount  of  PgA4  vehicle  (20%  hydroxypropylcyclodextrin).  The  mice  were  treated  with 
doxorubicin  12  mg/Kg  iv  immediately  following  the  5*  of  PgA4  inoculations.  24  hours  later, 
they  were  sacrificed,  and  the  ascites  collected  and  analysed  as  described  above.  Two  mice 
per  cell  line  were  assigned  to  treatment  with  PgA4  only  (+  doxorubicin  vehicle  =  saline 
solution),  and  two  more  to  no  treatment  (vehicles  only),  as  controls. 

Preparation  of  immobilized  Pgp  Artificial  Membrane  (lAM) 

MDA435/LCC6’^‘^*  cells  (»  20  x  10®)  were  harvested  in  30  ml  of  PBS  saline  and 
homogenized  for  20  sec  with  a  Brinkmann  Polytron  homogenizer.  The  homogenates  were 
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centrifuged  at  35,000  x  g  for  10  min  and  the  pellets  were  suspended  in  4  ml  solubilization 
solution  (50  mM  Tris-HCl,  pH  7.4, 250  mM  NaCl,  0.5%  CHAPS,  2  mM  DTT,  5%  glycerol) 
and  stirred  for  1  hr  at  0  °C. 

200  mg  of  dried  lAM  particles  were  suspended  in  4  ml  of  the  receptor-detergent  solution  and 
stirred  for  1  hour  at  4  °C.  The  mixture  was  dialyzed  against  dialysis  buffer  (150  mM  NaCl, 
10  mM  Tris-HCl  buffer,  pH  7.4, 1  mM  EDTA)  for  72  hours  at  4  °C.  The  obtained  Pgp-IAM 
particles  were  washed  with  the  buffer  by  centrifugation  and  packed  in  a  glass  column  (id  0.5 
cm). 


Reconstitution  and  immobilization  of  PGP  on  Superdex  200  gel  beads 

The  cultured  cells  MDA435/LCC6'^°'^'  (20  x  10®  cells)  were  harvested  in  20  ml  of  PBS  saline 
and  homogenized  for  20  sec  with  a  Brinkmann  Polytron  homogenizer.  The  homogenates 
were  centrifuged  at  35,000  x  g  for  10  min  and  the  supernatant  was  discarded.  The  pellets 
were  suspended  in  4  ml  solubilization  solution  [50  mM  Tris-HCl,  pH  7.5  containing  1 .4% 
octyl  P-D-glucopyranoside,  20%  glycerol,  I  mM  Dithiothreitiol,  ImM  benzamidine  and 
0.4%  phospholipid:  E.coli  bulk  phospholipid:  PC :PS: Cholesterol  (60:17.5:10:12.5)]  by 
stirring  at  0  °C  for  40  min.  Non-soluble  material  was  removed  by  centrifugation.  The 
supemant  was  applied  on  to  a  Sephadex  G50  column  which  equilibrated  with  elution  buffer 
(150  mM  NaCl,  10  mM  Tris-HCl,  1  mM  EDTA,  1  mM  Benzamidine).  The  liposome 
fractions  were  collected  and  concentrated  to  1  ml.  The  concentrated  liposome  solution  was 
mixed  with  50  mg  dried  Superdex  200  and  kept  in  room  temperature  for  2  hours.  The 
mixture  of  liposome  and  Superdex  200  was  frozen  at  -75  °C  for  10  min  and  then  thawed  at 
25  °C  for  10  min  and  the  freeze-thaw  cycle  was  repeated.  The  non-immobilized  liposomes 
were  removed  by  centrifugation  and  the  resulting  Pgp-Superdex  gel  beads  were  packed  in 
a  LC  column. 

Chromatographic  analysis  of  binding  affinity  of  [^H]  VBL  at  PGP 

The  PGP-IAM  column  or  PGP-Superdex  200  colimin  was  washed  v^th  buffer  (150  mM  NaCl, 
10  mM  Tris-HCl  buffer,  pH  7.4, 1  mM  EDTA).  The  column  was  placed  in  a  standard  HPLC 
system.  10-40  ml  of  [^H]  vinblastine  with  different  concentrations  in  buffer  or  1  nM  [’H]- 
vinblastine  plus  200  nM  ADR  in  buffer  were  applied  onto  the  columns  at  0.4  ml/min.  An  on¬ 
line  flow  scintillation  detector  monitored  the  elution  profile. 

Bicinchoninic  Acid  (BCA)  Protein  Assay 

The  Pgp-IAM  and  Pgp  Superdex  200  packing  materials  were  collected  and  the  supernatant 
were  removed.  The  samples  were  diluted  with  0.1  N  of  NaOH  to  2  ml.  A  protein  standard 
(0.2-25  pg  protein  in  50  pi)  was  prepared  with  Albumin  standard  (Pierce).  20  ml  of  reagent 
A  was  mixed  \vith  0.4  ml  of  reagent  B.  The  standards  and  samples  (50  pi  each)  were  added 
to  triplicate  wells  in  a  plate.  200  pi  of  BCA  reagents  (A+B)  (Pierce)  was  added  in  each  well. 
The  plate  was  incubated  for  2h  at  room  temperature  and  read  in  a  spectrophotometer  at  570 
nm  using  the  Soflmax  program  for  the  calculation  of  protein  amount. 
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CHEMISTRY 


General  Considerations 

All  reactions  were  carried  out  under  an  atmosphere  of  nitrogen  using  standard  Schlenk 
techniques  [28].  Benzene  and  chloroform  were  distilled  from  CaHj,  stored  over  3A  molecular 
sieves  and  deaerated  by  purging  with  nitrogen  immediately  before  use.  Thin-layer 
chromatography  was  performed  using  Merck  glass  plates  pre-coated  with  F254  silica  gel  60; 
compounds  were  visualized  by  UV  and/or  with  p-anisaldehyde  stain  solution.  Flash 
chromatography  was  performed  using  EM  Science  silica  gel  60,  following  the  procedure  of 
Still  [29],  with  the  solvent  mixtures  indicated.  Melting  points  were  measured  on  a  Thomas- 
Hoover  Capillary  Melting  Point  Apparatus,  and  are  uncorrected. 

Reagents 

All  reagents  were  purchased  from  commercial  suppliers,  and  used  as  received,  unless 
indicated  otherwise.  Dioxane  was  purchased  from  Aldrich  in  Sure-Seal  bottles. 

Spectroscopic  Methods 

NMR  spectra  were  measured  on  Nicolet  NT  270  and  Varian  Mercury  300  MHz  instruments 
at  the  Georgetown  NMR  Facility;  chemical  shifts  are  reported  in  units  of  parts  per  million 
relative  to  Me4Si.  All  spectra  are  recorded  in  CDCI3.  Significant  ‘H  NMR  data  are  tabulated 
in  the  following  order;  multiplicity  (s,  singlet;  d,  doublet;  t,  triplet;  q,  quartet;  m,  multiplet), 
coupling  constants  in  Hertz,  and  number  of  protons.  ‘^C  NMR  spectra  were  recorded  at 
frequencies  of  67.9  and  75.6  MHz.  IR  spectra  were  measured  on  a  MIDAC  Corp.  or  a 
Mattson  Galaxy  2020  Series  FTIR,  as  neat  films;  absorption  bands  are  reported  in  cm'‘. 
Low-  resolution  mass  spectra  were  measured  on  a  Fisons  Instruments  MD  800  quadrupole 
mass  spectrometer,  with  70  ev  electron  ionization,  and  a  GC  8000  Series  gas  chromatograph 
inlet,  using  a  J  &  W  Scientific  DB-5MS  column  of  15  m  length,  0.25  mm  i.d.  and  0.25  pm 
film  thickness.  Mass  spectra  data  are  given  as  m/e,  with  the  relative  peak  height  following 
in  parentheses. 

Compound  Characterization 

All  new  compounds  were  characterized  by  ‘H  NMR,  IR  and  '^C  NMR  spectroscopies.  Fast 
atom  bombardment  mass  spectra  (FABMS)  were  recorded  at  the  University  of  Maryland 
College  Park  of  Mass  Spectrometry  Facility.  Literature  references  are  given  for  all  known 
compounds,  with  the  exception  of  those  that  are  commercially  available;  all  known 
compounds  were  identified  by  'H  NMR  spectroscopy. 

Preparation  and  Characterization  of  Compounds 

Dehvdroprogesterone  13 01 :  /?-Toluenesulfonic  acid  monohydrate  (1 1.0  g,  63.9  mmol)  was 
dehydrated  in  freshly  distilled  benzene  (320  mL)  via  azeotropic  refluxing  employing  a  Dean- 
Stark  trap.  After  1  h,  cooled  the  solution  for  0.5  h,  and  progesterone  (5.0  g,  15.9  mmol)  and 
2,3-dichloro-5,6-dicyano-l,4-benzoquinone  (4.6  g,  20.3  mmol)  were  added.  The  olive 
mixture  was  refluxed  for  3  hrs,  and  then  was  filtered  through  a  pad  of  Celite.  The  filtrate 
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was  washed  with  sat.  NaCl  (5  x  20  rtiL),  followed  by  1%  NaOH  solution  until  it  gave  a  clear 
solution,  and  then  dried  over  MgS04.  The  solvent  was  removed  under  reduced  pressure  and 
purified  by  chromatography;  1.69  g  product  (35%,  Rf  =  0.44,  3:2  hexane-ethyl  acetate); 
yellow  solid  (m.p.  =  143-145  “C).  'H  NMR:  8  6.12  (s,  IH),  5.69  (s,  IH),  2.84-1.12 
(complex,  12H),  2.17  (s,  3H),  2.14  (s,  3H),  1.12  (s,  3H),  1.10  (s,  IH),  1.00  (s,  IH),  0.72  (s, 
3H).  IR:  3855,  3745,  3678, 2953, 1700, 1663, 1457, 1361, 1223,  875,  754. 
7a-r4’-taminoDhenvl)thiol-pregna-4-ene-3.20-dione  (PgA  1)  1311:  Dehydroprogesterone 
(1.65  g,  5.28  mmol),  4-aminothiophenol  (1.32  g,  10.56  mmol)  and  NaOH  (pellet,  1 16  mg, 
2.9  mmol)  were  placed  in  a  Schlenk  tube,  which  was  purged  with  a  constant  flow  of  N,  (g). 
Deoxgenated  anhydrous  dioxane  (25  mL)  was  added  and  heated  at  74°C  for  6  days.  The 
mixture  was  then  concentrated  under  reduced  pressure,  purified  by  chromatography;  790  mg 
white  solid  (61%,  Rf  =  0.23, 3:2  hexane-ethyl  acetate);  m.p.  =  228-230  °C).  'H  NMR:  8  7.26- 
7.21  (q,  J  =  8.5  Hz,  2H),  6.64-6.61  (q,  J  =  8.5  Hz,  2H),  5.73  (s,  IH),  3.77  (s,  2H),  3.24  (s, 
IH),  2.14  (s,  3H),  2.63-1.10  (complex,  IIH),  1.19  (s,  3H),  0.69  (s,  3H).  IR:  3420,  3360, 
3250,  2930, 1700.  ''CNMR:  8209.3, 199.0, 167.6, 147.1, 136.6, 127.3,  121.2, 115.7,  63.4, 
17.7,  13.1. 

General  Procedure  for  the  Preparation  of  Progesterone  Analogs 

A  suspension  of  7a-[4’-(aminophenyl)thio]-pregna-4-ene-3,20-dione  (PgA  1)  in  degassed 
chloroform  was  treated  Avith  the  appropriate  isocyanates  under  N2.  The  mixture  was  stirred 
for  12  hrs,  and  then  chromatographed  directly  on  silica  gel  to  afford  the  corresponding  ureas 
as  oil.  The  resulting  oil  was  stirred  in  ether  until  white  powder  came  out. 

7a  r4’-(N-chloroethvlaminoacvlaminophenvl)thio1pregna-4-ene-3.20-dione  (PgA  2): 
Reaction  of  PgA  1  (0.10  g,  0.23  mmol)  with  2-chloroethylisocyanate  (38  pL,  0.46  mmol) 
in  CHCI3  (3.0  mL)  for  12  hrs  gave  50  mg  product  (40%,  m.p.=137-141  °C,  Rf  =  0.47,  2:3 
hexane-ethyl  acetate).  'H  NMR:  8  7.34-7.25  (m,  4H),  5.69  (s,  IH),  5.18  (s,  IH),  3.68-3.62 
(m,  4H),  3.38  (s,  IH),  2.64-0.84  (complex,  18H),  2.14  (s,  3H),  1.19  (s,  3H),  0.69  (s,  3H).  IR: 
3312,  2964,  1700, 1630,  1587, 1517, 1488, 1449, 1394, 1238, 1013,  831,  734.  "C  NMR: 
8  231.5,210.3, 196.2, 193.9, 181.9, 156.5, 149.3, 146.4, 141.4, 132.9, 125.1, 119.5, 118.5, 

103.2. 94.2. 75.9. 75.8. 71.9,  69.3, 49.0, 35.8, 24.2, 14.4.  MS:  m/e  =  543  (24,  M^+1),  507 
(10),  313  (27),  230  (23),  185  (50),  149  (69),  125  (57),  119  (23),  107  (38),  105  (48),  91  (50), 
81  (50),  57  (73),  55  (100).  HRMS:  calc’d  for  CjoHj^NjOjSCl  [M+H]^:  543.24481;  found: 
543.24248. 

7a  r4’-fN-ethvlaminoacvlaminophenvDthio1pregna-4-ene-3,20-dione  (PgA  3):  Reaction 
of  PgA  1  (0.10  g,  0.23  mmol)  with  ethylisocyanate  (37  pL,  0.46  mmol)  in  CHCI3  (3.0  mL) 
for  12  hrs  gave  78  mg  product  (67%,  m.p.=130-135  °C,  Rf  =  0.36, 2:3  hexane-ethyl  acetate). 
'HNMR:  8  7.36-7.25  (m,  4H),  6.38  (s,  IH),  5.69  (s,  IH),  4.18-4.03  (m,  2H),  3.38-3.26  (m, 
2H),  2.67-0.68  (complex,  18H),  2.14  (s,  3H),  2.05  (s,  2H),  1.20  (s,  3H),  0.69  (s,  3H).  IR: 
3855,  3745,  3678,  3373,  2953,  2359,  1700,  1663,  1539,  1457,  1223.  '^C  NMR:  8  228.5, 

222.5. 193.9,  171.5, 141.5, 135.0, 128.3, 127.0, 123.4, 118.5, 108.7, 96.2,  84.5, 69.3,  67.7, 
66.0,  62.6,  52.2, 48.4, 46.3, 43.9, 39.8, 34.1, 22.9, 21.2, 13.4.  MS:  m/e  =  509  (62,  M%1), 
438  (8),  313  (32),  196  (47),  125  (100),  117  (57),  97  (52),  95  (85),  79  (68),  71  (59).  HRMS: 
calc’d  for  C30H40NAS  [M+Hf:  509.28378;  found:  509.28372. 

7a  14  ’  -flSf-g-f  -f-Vmethvlbenzvlaminoacvlaminophenvl)thio1pregna-4-ene-3 ,20-dione 
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rPgA  4  (+)):  Reaction  of  PgA  1  (0.10  g,  0.23  mmol)  with  (R)-(+)-a- 

methylbenzylisocyanate  (66  )a.L,  0.46  mmol)  in  CHClj  (3.0  mL)  for  12  hrs  gave  56  mg 
product  (46%,  m.p.  =  146-149  “C,  Rf  =  0.46,  2:3  hexane-ethyl  acetate).  ‘H  NMR:  5  7.32- 
7.25  (m,  9H),  5.79-5.77  (m,  IH),  5.70-5.68  (s,  IH),  4.97-4.92  (m,  IH),  4.13-4.06  (m,  IH), 
3.28  (s,  IH),  2.64-1.49  (complex,  18H),  2.14  (s,  3H),  1.45  (d,  J  =  9.3  Hz,  3H),  1.19  (s,  3H), 
0.68  (s,  3H).  IR:  3353, 3273, 2949, 2854, 2362, 2340, 1700, 1653, 1595, 1539, 1457, 1460, 

1376. 1343. 1159. 1089.916.  "C  NMR:  6  209.4, 199.0, 167.6, 147.0, 136.6, 127.2,  121.2, 
1 15.8, 63.4, 17.7, 13.1  .  MS:  m/e  =  585  (11,  M"+l),  135  (12),  125  (20),  105  (100),  103  (22), 
91  (29),  77  22),  55  (26).  HRMS:  calc’d  for  C36H44NAS  [M+H]^•  585.31506;  found: 
585.31501. 

7a  14  ’  -(N-p-toluenesulfonvlaminoacvlaminor)henvl)thiolDregna-4-ene-3 .20-dione 
(PgA  5):  Reaction  of  PgA  1  (0.10  g,  0.23  mmol)  with/j-toluenesulfonylisocyanate  (59  pL, 
0.46  mmol)  in  CHCI3  (3.0  mL)  for  12  hrs  gave  120  mg  product  (83%,  m.p.=  128-132  °C,  Rf 
=  0.29, 2:3  hexane-ethyl  acetate).  'H  NMR:  5  8.38  (s,  IH),  7.88  (d,  J  =  8.4  Hz,  2H),  7.80  (d, 
J  =  8.3  Hz,  2H),  7.37-7.25  (m,  4H),  5.70  (s,  IH),  3.36  (s,  IH),  2.67-1.13  (complex,  18H), 
2.41  (s,  3H),  2.15  (s,  3H),  1.20  (s,  3H),  0.69  (s,  3H).  IR:  3855,  3745,  2359,  1700,  1539, 
1457, 1160, 1086, 668.  "CNMR:  6  198.6, 148.6, 141.4, 136.6, 134.6, 129.9, 129.7, 129.6, 
127.7, 127.2,  126.4, 120.5, 1 18.5, 92.4, 76.1, 69.3,  63.3,  52.1,  51.1, 47.0, 46.3, 39.8,  39.4, 
38.5,  38.1,  35.4, 34.0, 31.6, 23.7, 22.9, 21.8, 21.1, 17.9, 13.4.  MS:  m/e  =  635  (29,  M^+1), 
313  (39),  155  (33),  135  (36),  125  (65),  119  (64),  91  (100),  85  (92),  77  (47),  59  (50),  47  (45). 
HRMS:  calc’d  for  C35H42N2O5S2  [M+H]^:  635.26135;  found:  635.26130. 

7a  r4’-(N-a-(-Vmethvlbenzvlaminoacvlaminonhenvl3thio1pregna-4-ene-3.20-dione 
(PgA  4  (-)):  Reaction  of  PgA  1  (0.15  g,  0.34  mmol)  with  (S)-(-)-a- 

methylbenzylisocyanate  (193  pL,  1.37  mmol)  in  CHCI3  (5.0  mL)  for  12  hrs  gave  65  mg 
product  (33%,  m.p.=146-149  ®C,  Rf  =  0.46, 2:3  hexane-ethyl  acetate).  ‘H  NMR:  6  7.32-7.25 
(m,  9H),  5.79-5.77  (m,  IH),  5.70-5.68  (s,  IH),  4.97-4.92  (m,  IH),  4.13-4.06  (m,  IH),  3.28 
(s,  IH),  2.64-1.49  (complex,  18H),  2.14  (s,  3H),  1.45  (d,  J  =  9.3  Hz,  3H),  1.19  (s,  3H),  0.68 
(s,  3H).  IR:  3353, 3273, 2949, 2854, 2362, 2340, 1700,  1653, 1595, 1539, 1457, 1460, 1376, 

1343. 1159. 1089.916.  '^C  NMR:  6  209.4, 199.0, 167.6, 147.0, 136.6, 127.2,  121.2,  115.8, 
63.4,  17.7,  13.1.  MS:  m/e  =  585  (11,  M^+1),  135  (12),  125  (20),  105  (100),  103  (22),  91 
(29),  77  22),  55  (26).  HRMS:  calc’d  for  C36H44N2O3S  [M-i-H]":  585.31506;  found: 
585.31501. 

7a  r4’-(N-ben7vlaminoacvlaminophenvl)thiolDregna-4-ene-3.20-dione  (PgA  8):  Reaction 
of  PgA  1  (0.15  g,  0.34  irnnol)  with  benzylisocyanate  (169  pL,  1.37  mmol)  in  CHCl,  (5.0 
ml.)  for  12  hrs  gave  80  mg  product  (41%,  m.p.=185-188  °C,  Rf  =  0.50,  2:3  hexane-ethyl 
acetate).  ‘H  NMR:  5  7.40-7.22  (m,  9H),  6.82  (s,  IH),  5.72  (s,  IH),  5.38  (t,  J  =  6.7  Hz,  IH), 
4.41-4.38  (m,  2H),  3.34  (m,  IH),  2.18  (s,  3H),  2.64-1.46  (complex,  18H),  1.24  (s,  3H),  0.84 
(s,  3H).  IR:  3750, 3725, 3429, 2943, 2870, 1710, 1660, 1578, 1450, 1210, 1010.  MS:  m/e 
=  571  (34,  M"+l),  570  (28),  313  (26),  258  (24),  241  (41),  154  (61),  147  (22),  136  (66),  129 
(14),  125  (100),  124  (70),  109  (31).  HRMS:  calc’d  for  C35H42N2O3S  [M+H]^:  571.29569; 
found:  571.29944. 

7a  r4’-flSf-phenvlaminoacvlaminophenvl')thio1pregna-4-ene-3.20-dione  (PgA13):  Reaction 
of  PgA  1  (50  mg,  0.1 1  mmol)  with  phenylisocyanate  (43  pL,  0.4  mmol)  in  CHCI3  (3.0  mL) 
for  12  hrs  gave  52  mg  product  (83%,  m.p.=227-230  °C,  Rf  =  0.54, 2:3  hexane-ethyl  acetate). 
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'HNMR:  5  7.67-7.18  (m,  9H),  7.14  (s,  IH),  5.72  (s,  2H),  3.38  (m,  IH),  2.65-1.24  (complex, 
18H),  2.18  (s,  3H),  1.30  (s,  3H),  0.68  (s,  3H).  IR:  3500, 3319, 2945,  2851, 1700, 1655,  1585, 
1540, 1419, 1380, 1270, 1 190.  MS;  m/e  =  557  (3,  M^+1),  425  (3),  214  (18),  213  (100).  197 
(6),  115  (9),  101  (15).  HRMS:  calc’d  for  C34H40N2O3S  [M+H]*:  557.28381;  found: 
557.28383. 

7ar4’-(N-B-phenvlethvlaminoacvlaminophenvl)thio1pregna-4-ene-3,20-dione  (PgA12): 
Reaction  of  PgA  1  (90  mg,  0.21  mmol)  with  p-phenylethylisocyanate  (1 16  pL,  0.84  mmol) 
in  CHCI3  (5.0  mL)  for  12  hrs  gave  26  mg  product  (21%,  m.p.=126-130  “C,  Rf  =  0.79,  2:3 
hexane-ethyl  acetate).  'H  NMR:  6  7.36-7.20  (m,  9H),  6.32  (s,  IH),  5.67  (s,  IH),  4.71  (m, 
IH),  3.48  (m,  2H),  3.35  (m,  IH),  2.81  (t,  J  =  6.6  Hz,  2H),  2.68-1.24  (complex,  18H),  2.14 
(s,  3H),  1.20  (s,  3H),  0.69  (s,  3H).  IR:  3630,  3420,  3024,  2945,  1700,  1640,  1580,  1468, 
1459,  1230,  1010.  MS:  m/e  =  585  (9,  M"+l),  313  (13),  159  (7),  149  (16),  135  (10),  125 
(28),  119  (23),  105  (100),  103  (23).  HRMS:  calc’d  for  C36H44N2O3S  [M+H]^:  585.31506; 
found:  585.31644. 

7a  r4’-(N-trifluoro  p-tolvaminoacvlaminophenvl)thio1pregna-4-ene-3.20-dione  (PgA28): 
Reaction  of  PgA  1  (90  mg,  0.21  mmol)  with  a,a,a-trifluoro  jp-tolylisocyanate  (120  pL,  0.84 
mmol)  in  CHCI3  (5.0  mL)  for  12  hrs  gave  28  mg  product  (21%,  m.p.=248-252  “C,  Rf  =  0.67, 
2:3  hexane-ethyl  acetate).  'HNMR:  6  7.98-7.38  (m,  9H),  5.78  (s,  2H),  3.40  (m,  IH),  2.62- 
1.26  (complex,  18H),  2.16  (s,  3H),  1.34  (s,  3H),  0.74  (s,  3H).  IR;  3820, 3720,  3600,  3024, 
2968, 2873, 1705,  1657, 1520,  1437, 1417, 1074, 908,  820.  MS;  m/e  =  625  (50,  M"+l),  531 
(28),  447  (16),  313  (23),  167  (10),  149  (100),  141  (38),  125  (14),  105  (37).  HRMS:  calc’d 
for  C35H39N2O3SF3  [M+H]^:  625.271 18;  found:  625.27217. 

7a  r4’-flSf-p-to1vaminoacvlaminophenvl)thio1pregna-4-ene-3,20-dione  (PgA20):  Reaction 
of  PgA  1  (90  mg,  0.21  mmol)  with  4-methylphenylisocyanate  (106  pL,  0.84  mmol)  in  CHCI3 
(5.0  mL)  for  12  hrs  gave  21  mg  product  (18%,  m.p.=244-250  °C,  Rf  =  0.45, 2:3  hexane-ethyl 
acetate).  'HNMR:  6  7.38-7.08  (m,  8H),  7.18  (s,  IH),  5.72  (s,  2H),  3.36  (m,  IH),  2.68-1.24 
(complex,  18H),  2.38  (s,  3H),  2.16  (s,  3H),  1.21  (s,  3H),  0.66  (s,  3H).  IR:  3540,  3480, 3310, 
2965, 2870, 1700, 1655, 1580, 1530, 1420, 1360, 1210.  MS:  m/e  =  571  (45,  M^+1),  447 
(11),  313  (19),  281  (11),  258  (15),  207  (17),  167  (13),  152  (16),  149  (100),  147  (31),  141 
(31X  135  (25),  133  (23),  125  (26),  119  (40),  107  (24).  HRMS:  calc’d  for  C35H42N2O3S 
[M+Hf:  571.29944;  found:  571.29676. 

7ar-(N-p-methvlbenzvlaminoacvlaminophenvl)thio1pregna-4-ene-3,20-dione  (PgAll): 
Reaction  of  PgA  1  (150  mg,  0.34  mmol)  with  4-methylbenzylisocyanate  (202  mg,  1.37 
mmol)  in  CHCI3  (5.0  mL)  for  12  hrs  gave  69  mg  product  (35%,  m.p.==145-146  °C,  Rf  =  0.65, 
2:3  hexane-ethyl  acetate).  'H  NMR:  6  7.58-7.04  (m,  8H),  7.08  (s,  IH),  5.88  (m,  IH),  5.62 
(s,  IH),  4.36  (m,  2H),  3.32  (m,  IH),  2.62-1.22  (complex,  18H),  2.36  (s,  3H),  2.12  (s,  3H), 
1.21  (s,  3H),  0.66  (s,  3H).  IR:  3650, 3600, 3310, 3020, 2985, 2885, 1705, 1650, 1570, 1430, 
1201, 1 120.  MS:  m/e  =  585  (8,  M"+l),  313  (12),  269  (9),  135  (5),  125  (26),  120  (14),  105 
(100),  103  (9).  HRMS:  calc’d  for  C36H44N2O3S  [M+Hf:  585.31506;  found:  585.31595. 

X-ray  Crystallographic  Analysis 

Single  crystals  of  PGA13  were  obtained  from  diethyl  ether  by  slow  evaporation.  The  X-ray 
crystallographic  analysis  was  carried  out  at  the  Department  of  Chemistry  in  Georgetown 
University  by  Dr.  Michael  Dickman  using  a  Siemens  SMART  CCD  single-crystal 
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diffractometer.  A  sphere  of  data  (97%  coverage  to  q=27°)  was  collected  using  omega  scans. 
Routine  Lorentz  and  polarization  corrections  were  applied.  Programs  used  were  SMART, 
SAINT,  and  SHELXTL  [32-34].  A  representation  of  PgA13’s  crystal  structure  is  provided 
in  Fig  1.  A  summary  of  parameters  for  data  collection  and  refinement  are  as  follows: 


Empirical  formula 

C34H40N2O3S 

Formula  weight 

556.74 

Temperature 

179(2) K 

Wavelength 

0.71073  A 

Crystal  system 

orthorhombic 

Space  group 

P2,2,2, 

Unit  cell  dimensions 

a  =  16.3557(2)  A  a  =  90“ 

b=  19.0634(2)  A  p  =  90“ 

c  =  19.4147(2)  A  y  =  90“ 

Volume,  Z 

6053.41(12)  A^8 

Density  (calculated) 

1.222  Mg/m^ 

Absorption  coefficient 

0.143  mm’’ 

F(OOO) 

2384 

Crystal  size 

0.50  X  0.18  X  0.18  mm 

0  Range  for  data  collection 

1.50“  to  28.28“ 

Limiting  indices 

-21<  h  <21,  -24<  k  <25,  -25<  1<25 

Reflections  collected 

66127 

Independent  reflections 

14393  (Ri„,  =  0.0728) 

Refinement  method 

full-matrix  least-squares  on  F^ 

Data/restraints/parameters 

14393/0/727 

Goodness-of-fit  on  F^ 

0.991 

Final  R  indices  [I  >  2ct(I)] 

Rl=  0.0526,  wR2  =  0.1046 

R  indices  (all  data) 

Rl=  0.1099,  wR2  =  0.1285 

Absolute  structure  parameter 

-0.04(6) 

Largest  diff.  Peak  and  hole 

0.185  and  0.267  eA’^ 

RESULTS  AND  DISCUSSION 


OB.TECTIVE  1: 

In  vivo  evaluation  of  PgA4’s  toxicity  and  MDRl  reversing  activity 

Doxorubicin  accumulation  assay  for  the  preliminary  evaluation  of  in  vivo  MDRl- 
reversing  activity 

A  final  verification  of  the  in  vivo  MDRl -reversing  activity  of  our  tests  compounds  will  be 
obtained  by  standard  tumor  growth  delay  (on  solid  tumor  models)  and/or  %  ITS  (Increased 
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Life  Span,  using  ascites  models).  MDRl -reversing  agents  are  known  to  potentially  affect  the 
MDRl  anticancer  substrates  pharmacokinetics  (and  toxicity)  through  interaction  with  Pgp 
expressed  in  normal  tissues  [24,  35].  Consequently,  the  tests  will  be  carried  out  comparing 
equitoxic  doses  of  the  anticancer  drug  in  the  absence  and  presence  of  the  test  agent  and  will 
require  a  preliminary  evaluation  of  the  test  compound  effect  on  the  anticancer  drug  MTD. 

In  order  to  optimally  exploit  our  resources  and  reduce  the  use  of  animals,  we  decided  to 
reserve  tumor  growth  delay  and  %  ILS  assays  to  test  one  (or  a  very  few)  selected  drugs  for 
which  some  preliminary  evidence  of  in  vivo  activity  is  available.  We  believe  that  a  good 
preliminary  endpoint  of  in  vivo  MDRl -reversing  activity  is  represented  by  doxorubicin 
accumulation  in  cancer  cells  grown  and  treated  in  vivo.  The  mechanism  of  action  of  Pgp,  the 
delayed  time  of  doxorubicin  lethality  and  the  ease  with  which  doxorubicin  content  can  be 
analyzed  exploiting  its  fluorescence,  all  support  our  choice.  In  this  assay,  the  parallel  use  of 
the  parental  MDRl -negative  cells  as  control  can  help  discriminate  modifications  in 
doxorubicin  accumulation  due  to  pharmacokinetic  modulation  rather  than  to  interaction  with 
the  Pgp  expressed  on  cancer  cells. 

In  vitro  evaluations  have  confirmed  that  MDRl  expression  confer  MDA435/LCC6'^’^'  cells 
the  ability  to  maintain  lower  intracellular  levels  of  the  anticancer  substrates  doxorubicin  as 
compared  to  the  parental  cell  line  MDA435/LCC6  (Fig.  2).  We  have  observed  a  6.5-fold 
difference  (mean  of  5  separate  determinations,  +/-  0.7  SE)  in  intracellular  accumulation  of 
the  drug  under  in  vitro  conditions  after  treating  cells  with  doxorubicin  4  pM  for  3  hours.  This 
difference  is  completely  reversed  by  treatment  with  MDRl -reversing  agents  (see  below,  and 
Fig.  6). 

We  assessed  doxorubicin  accumulation  in  ascites  cells  in  relation  to  time.  NCr  nv/nu  female 
athymic  nude  mice  were  inoculated  i.p.  Avith  either  LCC6/MDR1  or  LCC6  cells  and,  after 
the  appearance  of  ascites,  treated  with  doxorubicin  12  mg/Kg  i.v.  Ascites  were  collected  at 
1, 6  and  24  hours  after  doxorubicin  treatment  and  the  cell  sediment  analyzed  for  doxorubicin 
content.  The  results  confirm  that  LCC6  and  LCC6/MDR1  cells  grown  and  treated  in  vivo  as 
ascites  accumulate  doxorubicin  differentially.  The  difference  is  not  evident  at  1  hour,  but 
becomes  apparent  at  6  hours  (2.4-fold),  and  is  maximal  at  24  hours  (10.8-fold)  (Fig.  3).  We 
are  now  in  the  process  of  reevaluating  the  time-dependence  of  doxorubicin  accumulation  in 
solid  tumors  originated  from  the  same  cell  lines,  using  an  extended  number  of  time  points. 
We  also  have  decided  to  adopt  the  doxorubicin  accumulation  endpoint  in  ascites  cells  for  the 
preliminary  evaluation  of  PgA4's  in  vivo  MDRl -reversing  efficacy. 

Formulation  studies 

Like  most  known  MDRl -reversing  agents,  PgA4  appears  to  have  a  limited  solubility  in 
water  (Table  1).  To  optimize  PgA4  formulation  and  maximize  the  dose  that  can  be  delivered 
in  vivo,  we  evaluated  PgA4  solubility  in  different  solvents.  Ethanol,  DMSO,  propylene 
glycol  and  glycerin  are  all  solvents  used  in  classical  formulations.  However,  because  of  their 
local  or  systemic  toxicity  they  must  be  used  in  combination  with  other  solvents,  e.g.,  the  use 
of  ethanol  at  concentrations  higher  than  10%  is  contraindicated,  while  DMSO’s  LD50  (acute 


15 


toxicity  following  iv  administration)  in  mice  is  about  6  g/Kg  [36].  Cyclodextrins  appear  to 
effectively  increase  the  solubility  of  steroids  and  other  lipophilic  drugs  by  the  formation  of 
inclusion  complexes.  They  are  relatively  non-toxic:  2-hydroxypropyl-p-cyclodextrin  10  g/Kg 
i.p.  caused  no  death  among  four  mice  [37]. 

In  preliminary  evaluations  (carried  out  in  methanol),  we  characterized  PgA4  UV  profile. 
PgA4's  Specific  Absorption  Coefficient  (E,')  at  245  nm  wavelength  is  376.1+/-  4.3  SE 
(average  of  3  determinations). 

We  defined  PgA4  solubility  in  water,  ethanol,  DMSO,  propylene  glycol,  glycerol  and  20% 
2-hydroxypropyl-P-cyclodextrin  (HPCD).  Our  results  (reported  in  Table  1)  suggest 
maximum  solubility  in  ethanol  and  DMSO,  with  good  solubility  in  propylene  glycol. 
Solubility  in  HPCD,  though  more  than  10  times  lower  than  in  ethanol,  appeared  the  most 
promising,  as  HPCD  represents  a  complete  formulation.  In  a  direct  comparison,  20%  HPCD 
appeared  superior  to  a  classical  formulation  (10%  ethanol;  40%  propylene  glycol),  the 
solubility  of  PgA4  being  respectively  2.4  and  0.4  mg/ml  in  the  two  vehicles. 

To  exclude  the  possibility  that  the  interaction  with  the  cyclodextrin  may  affect  PgA’s  action 
on  Pgp,  we  compared  the  ability  of  PgA4  prepared  from  HPCD  and  ethanol  stock  solutions 
to  increase  doxorubicin  in  LCC6/MDR1  cells  in  vitro.  By  demonstrating  that  the  biological 
activity  of  drug  preparations  from  the  two  stocks  is  equivalent  (Fig.  4),  the  results  confirm 
that  HPCD  does  not  alter  PgA4’s  interaction  with  Pgp. 

Based  on  the  above  results,  we  selected  20%  HPCD  as  the  PgA4  formulation  vehicle  for  all 
subsequent  in  vivo  studies. 


Evaluation  of  PgA4*s  in  vivo  toxicity  and  MDRl -reversing  activity 

PgA4  toxicity.  To  maximize  our  ability  to  detect  any  MDRl -reversing  effect,  and  as  PgA4 
pharmacokinetics  are  presently  unknown,  we  decided  to  use  a  treatment  regimen  that  would 
“load”  the  test  animals  with  PgA4  prior  to  and  during  treatment  with  the  anticancer  drug.  The 
maximum  deliverable  dose  of  PgA4  was  dictated  by  PgA4  solubility  in  HPCD  as  well  as 
constraints  in  the  amount  of  solution  that  can  be  delivered  s.c.  We  determined  to  treat  the 
animals  tvith  PgA4  15  mg/Kg  (10  [tl/g  body  weight  of  a  solution  of  PgA4  1.5  mg/ml  in 
HPCD),  twice  a  day  for  3  days. 

Prior  to  testing  its  effect  on  doxorubicin  accumulation,  we  tested  the  toxicity  of  our  PgA4 
treatment  regimen  on  a  limited  number  of  mice  of  the  same  strain  (2  mice  per  treatment  arm), 
using  treatment  with  vehicle  as  control.  This  treatment  showed  neither  immediate  effect  in 
terms  of  mortality,  or  altered  behavior,  nor  sign  of  local  toxicity.  Moreover,  a  longer  term 
evaluation  showed  no  significant  effect  of  PgA4  treatment  on  the  animal  body  weight  gain 
up  to  55  days  following  the  completion  of  treatment  (Fig.5). 

PgA4  in  vivo  MDRl  reversing  activity.  Following  inoculation  i.p.  of  LCC6  or  LCC6/MDR1 
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cells  and  the  appearance  of  ascites,  mice  were  assigned  to  two  major  treatment  arms  (5  mice 
per  arm,  planned),  to  be  treated  either  with  doxorubicin  plus  PgA4  or  with  doxorubicin  with 
PgA4  vehicle  only.  PgA4  (or  vehicle)  treatments  were  carried  out  as  described  above  and 
doxorubicin  was  inoculated  i.v.,  at  a  dose  of  12  mg/Kg  concurrent  with  the  5"'  inoculation 
of  PgA4.  The  animals  were  sacrificed  and  the  ascites  collected  24  hours  later.  The  evaluation 
of  MDRl -reversing  activity  failed  to  give  meaningful  results,  as  we  incurred  into  unexpected 
problems  with  our  ascites  model.  Contrary  to  our  previous  experience,  LCC6  and 
LCC6/MDR1  cells  produced  ascites  over  too  wide  a  time  span  and,  in  a  couple  of  cases, 
failed  to  produce  ascites  altogether.  Moreover,  we  observed  large  differences  in  doxorubicin 
accumulation  and  no  important  overall  difference  between  MDRl -positive  and  -negative 
ascites.  We  think  that  these  results  might  be  due  to  changes  in  the  characteristics  of  our  cell 
stock. 

Future  directions 

We  are  evaluating  the  doxorubicin  accumulation  LCC/MDRl  vs  LCC6  solid  tumors  which 
were  collected  at  different  time  points  (1, 6, 24, 48  and  72  hours)  following  inoculation  with 
doxorubicin  iv.  To  allow  for  direct  copmparison  with  other  published  studies,  we  also  plan 
to  use  the  ascites-producing  murine  leukemia  cell  line  P388  and  its  MDRl -positive 
derivative,  P388/ADR  [38, 39].  Several  Pgp  reversing  compounds  have  been  published  in 
this  model. 


OBJECTIVES  2  AND  3;  Bridge  and  F-ring  optimization  and  in  vitro  potency 


We  have  begun  to  evaluate  the  structure-activity  data  generated  with  our  expanding  series 
of  compounds.  We  now  present  our  initial  observations  and  will  expand  the  analyses, 
incorporating  additional  data,  in  year  3.  It  should  be  noted  that  we  have  not  had  sufficient 
time  to  fully  explore  our  existing  data,  and  that  many  of  the  comments  provided  below  are 
somewhat  speculative  at  present. 

To  test  the  role  of  bridge  length  and  F-ring  in  the  PgA’s  MDRl -reversing  activity,  we  have 
synthesized  seven  new  progesterone  analogs  by  reacting  PgAl  with  different  isocyanates. 
An  in  vitro  doxorubicin  accumulation  endpoint  was  used  to  provide  an  initial  measure  and 
comparison  of  the  MDRl -reversing  activity  and  potency  of  first  and  second  generation  PgA. 
The  results  of  these  evaluations  are  summarized  in  Table  2  in  terms  of  potency  relative  to 
PgA4,  and  illustrated  in  Fig.  6.  The  mean  ED50  values  of  PgA4  for  reversal  of  doxorubicin 
accumulation  are  641.5  +/-  93.2  SE  and  1000.7  +/-  74.5  SE,  respectively  before  and  after 
correction  for  non-MDRl -specific  effect.  Table  2  also  provides  a  measure  of  each  drug’s 
hydrophobicity  (as  evaluated  in  terms  of  Retention  Factor,  by  TLC)  to  support  some 
preliminary  structure-activity  considerations. 

Role  of  F-ring  and  bridge  length. 

The  presence  of  an  aromatic  F  ring  confers  more  than  a  3-fold  increase  in  MDRl  cell- 
specific  doxorubicin  accumulation  effect,  but  only  when  the  ring  is  directly  attached  to  the 
urea  group.  Longer  bridges  between  E  and  F  ring  fail  to  show  an  obvious  (>2-fold) 
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advantage  when  compared  with  the  effect  of  compounds  without  a  F  ring.  This  evidence  may 
suggest  that  the  aromatic  F  ring  in  PgA13  is  more  favorably  located  for  7t-  %  interaction  with 
the  aromatic  amino  acids  on  Pgp  . 

Role  of  polarity  in  the  distal  C7  side  chain. 

Polarization  of  the  ethyl  substituent  in  PgA3  by  chlorination  (PgA2)  does  not  appear  to 
obviously  alter  its  ability  to  modulate  doxorubicin  accumulation  in  MDRl  cells.  The 
increased  potency  conferred  by  the  aromatic  F  ring  (in  PgA13),  appears  to  be  lost  following 
its  substitution  with  an  electron-withdrawing  p-trifluoromethyl-  group  (PgA28),  suggesting 
that  acquisition  of  a  partial  positive  charge  negatively  affects  the  ability  of  the  F  ring  to 
interact  with  Pgp. 

Role  of  the  E-ring/urea  group. 

The  C7  chain  of  the  simplest  of  PgA,  PgA3  (where  the  susbstituent  distal  to  the  urea  group 
is  an  ethyl  group)  confers  a  29-fold  potentiation  of  the  MDRl -reversing  activity  of 
Progesterone.  By  comparison,  further  modification  of  the  side  chain  distal  to  the  urea  group 
has  so  far  conferred  a  further  increase  of  such  activity  up  to  3.4  fold,  as  compared  to  PgA3. 
This  evidence  suggests  a  comparatively  major  role  for  the  E  ring  and/or  the  attached  urea 
group  in  potentiating  MDRl -inhibition.  This  increase  in  activity  does  not  appear  to  be  due 
to  changes  in  overall  hydrophobicity,  a  factor  which  correlates  with  the  activity  of  smaller 
steroids  [7],  as  this  this  is  lower  in  all  PgA  than  in  Progesterone  (Table  2). 

Role  of  hydrophobicity. 

Contrary  to  what  has  been  suggested  for  simpler  steroids  [7],  there  is  no  significant 
correlation  between  the  MDRl -reversing  potency  and  the  hydrophobicity  across  different 
PgA  (Table  2). 

Future  directions 

(A)  Generation  of  new  PgA  compounds  for  structure-activity  relationship  studies  and 
optimization  of  MDRl  reversing  activity. 

(1)  Modification  of  the  portion  of  the  C7  side  chain  distal  to  the  urea  group  (Scheme  2). 
Presently,  more  analogs  are  being  obtained  by  reaction  of  PgA  1  with  different  isocyanates. 
We  intend  to  further  define  the  following  points:  (la)  the  role  of  carbon  chain  length  in  the 
absence  of  an  aromatic  F  ring  (analogs  of  PgA3  by  addition  or  subtraction  of  -CH2-groups: 
compounds  a-d  in  Scheme  2);  (lb)  the  role  of  a  partial  positive  or  negative  charge  on  the  F 
ring  (we  will  compare  the  potency  of  electron-withdrawing  and  electron-donating 
substituents  in  para  position:  compounds  e-g  in  Scheme  2),  and  (Ic)  the  effect  of  the 
presence  of  an  additional  aromatic  ring  (ring  G)  attached  to  the  F  ring  (compounds  h  in 
Scheme  2). 

(2)  Synthesis  of  compounds  to  test  the  role  of  the  urea  group  and  of  the  E  ring  in  the  C7  side 
chain  (Scheme  3).  We  will  generate  analogs  of  PgA3  deprived  of  either  the  urea  and/or  the 
E  ring.  The  role  of  these  two  groups  will  be  tested  by  comparing  the  activity  of  PgA3  with 
respectively  compounds  i  and  I,  m  in  Scheme  3.  Compounds  n,o  are  designed  to  test  the 
combined  effect  of  E  ring  and  urea  group. 
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(3)  Synthesis  of  compounds  to  test  the  effect  of  the  relative  position  of  E  ring  and  urea 
groups  in  the  C7  side  chain  (Scheme  4).  (3a)  The  para  position  of  the  urea  substituent  on  the 
E  ring  may  not  be  optimal  for  MDRl  reversing  activity.  To  test  this  hypothesis,  we  will 
generate  PgA3  analogs  with  urea  in  the  ortho  and  meta  positions  (compounds  p,  r  and  q,  s 
in  Scheme  4).  (3b)  We  will  also  test  the  effect  of  increasing  the  distance  between  E  ring  and 
urea  group.  The  activity  of  compounds  t  and  u  in  Scheme  4  will  be  compared  with  that  of  the 
compounds  c  and  d  (Scheme  2),  which  have  the  same  overall  C7  group  length. 

(4)  Substitution  of  sulfur  with  a  carbon  bridge  in  the  C7  side  chain  (Scheme  5).  In  last  year’s 
report,  we  speculated  about  the  possible  role  of  the  sulfur  bridge  on  the  C7  side  chain  in 
making  PgA  particularly  vulnerable  to  hepatic  metabolism.  Preliminary  attempts  to  create 
PgA  analogs  with  a  carbon  in  place  of  the  sulfur  bridge  have  been  unsuccessful.  We  will 
pursue  this  objective  with  the  help  of  our  newly  hired  postdoctoral  fellow  (Dr.  Ji-Hyun  Kim; 
see  attached  Biosketch).  Following  synthesis  of  the  C-bridge  analog  of  PgA4,  we  will 
compare  the  in  vitro  activity  of  the  two  compounds  before  and  after  exposure  to  liver 
microsomal  preparations.  If  this  preliminary  test  confirms  a  higher  metabolic  stability,  we 
will  then  proceed  to  the  evaluation  of  the  MDRl -reversing  efficacy  in  vivo. 

(5)  Role  of  polar  substitutions  in  C3  and  Cl  7.  The  results  of  a  study  of  steroid  structure- 
activity  correlations  [7]  suggest  that  the  presence  of  a  hydroxyl  group  in  C21,  may  increase 
the  MDRl -reversing  potency/hydrophobicity  ratio.  Hydroxylation  may  also  help  to  make  the 
drug  more  soluble  in  aqueous  formulations  and  so  increase  our  ability  to  deliver  it  in  vivo. 
We  also  may  decide  to  synthesize  analogs  with  a  sulfate  substituent  in  the  C3  or  C20 
position. 

(B)  Evaluation  of  MDRl-reversing  spectrum. 

Structure-activity  relationships  of  PgA’s  interaction  with  MDRl  anticancer  drug  substrates 
may  differ  with  the  anticancer  drug,  possibly  due  to  the  existence  of  partially  or  not 
overlapping  binding  sites.  Consequently,  all  drugs  will  be  tested  for  their  effect  on 
vinblastine  and  taxol,  beside  doxorubicin,  accumulation.  However,  only  for  selected 
compounds  will  activity  be  confirmed  using  more  involving  chemosensitization  experiments, 
i.e.,  using  a  cytotoxicity  endpoint  and  isobologram  analysis  (as  already  described  for  PgA4). 

(C)  Evaluation  of  the  correlation  of  PgA  compounds’  hydrophobicity  and  lipophilicity 
with  their  MDRl-reversing  activity/potency. 

All  analogs  will  be  evaluated  for  general  hydrophobicity  (by  TLC,  as  described  above)  and 
lipophilicity  (in  terms  of  water-octanol  partition  coefficient).  Results  will  be  used  to 
discriminate  the  role  of  these  properties  from  that  of  3-dimensional  (shape  and  charge 
distribution)  factors.  The  ability  of  a  compound  to  reach  its  binding  site  on  Pgp,  inside  the 
cell  membrane,  may  be  more  crucially  affected  by  its  lipophilicity  than  by  its  hydrophobicity 
[40].  We  plan  to  evaluate  the  correlation  between  the  MDRl-reversing  activity  of  our 
compounds  and  their  water-octanol  partition  coefficient. 


Objective  5;  Mechanism  of  MDRI-reversal  by  PgA  compounds 

We  have  initially  hypothesized  that  the  PgA  compounds  reverse  the  MDRl  phenotype  by 
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competing  with  anticancer  substrates  for  the  Pgp  binding  site.  Testing  of  this  mechanistic 
hypothesis  has  been  set  for  the  3'‘‘  to  4*'’  year  of  this  grant  (Months  30-48). 

Evidence  from  the  literature  supports  such  hypothesis.  Steroidal  compounds  have  been 
shown  both  to  reverse  the  MDRl  phenotype  and  to  be  actively  transported  by  Pgp,  the 
former  activity  appearing  directly  and  the  latter  inversely  proportional  to  hydrophobicity  [7, 
25, 41-43].  Moreover,  photoaffmity  labeling  studies  demonstrate  direct  binding  of  steroids 
to  Pgp  [42, 44]. 

It  is  presently  unclear  whether  Pgp  binds  its  substrates  at  one  or  more  binding  sites.  Studies 
using  classical  membrane  binding  assays  and  the  analysis  of  dissociation  rates  have  shown 
that  some  substrates,  though  interacting  “competitively”,  might  actually  bind  to  distinct, 
though  allosterically  connected,  sites  [fO,  1 1].  It  may  be  speculated  that  the  PgA  binding 
site(s)  may,  either  partially  or  totally,  overlap  with  those  of  some  anticancer  substrates  and 
be  only  allosterically  connected  to  others.  It  is  also  possible  that  MDRl  susbtrates  bind  to 
shallow  sites  on  an  extended  binding  surface  and  that  partial  overlapping  may  be  affected  by 
Pgp  conformation  as  determined  by  the  specific  membrane  environment. 

To  address  the  nature  of  the  PgA  compounds’  interaction  with  Pgp  anticancer  susbtrates,  we 
have  now  decided  to  use  a  chromatographic  approach,  as  opposed  to  classical  binding  assays 
using  membrane  suspensions.  In  the  chromatographic  approach,  the  binding  sites  are 
immobilized  in  a  column’s  stationary  phase.  This  offers  the  advantage  of  chromatography 
precision  and  reproducibility  and  can  be  easily  used  for  the  rapid  on-line  screening  of 
combinatorial  drug  pools  and  the  evaluation  of  quantitative  structure-activity  relationships 
[45, 46],  making  it  particularly  suited  for  the  drug  discovery  process.  Dr.  Irving  Wainer,  who 
has  recently  joined  our  effort  on  this  Project  (see  attached  Biosketch),  is  well  known  for  his 
experience  with  this  approach,  which  he  has  used  to  study,  among  other  subjects, 
chymotrypsin  enzymatic  and  nicotinic  receptor  binding  activities  [47,  48]. 

In  collaboration  with  Dr.  Wainer,  we  have  now  obtained  for  the  first  time  a  Pgp  column  for 
the  study  of  substrate  interactions  and  have  started  its  characterization 

Initial  characterization  of  the  Pgp  column 

An  evaluation  of  protein  content  showed  that,  for  one  milliliter  of  bed  volume,  about  170  mg 
proteins  were  immobilized  on  the  lAM  column  and  about  10  mg  proteins  were  immobilized 
on  Superdex  200  column.  The  chromatographic  results  obtained  with  the  Pgp-IAM  column 
or  Pgp-Superdex  200  column  indicated  that  the  binding  activity  of  Pgp  was  retained  after 
immobilization.  For  example,  [^H]-vinblastine  was  retarded  on  a  Pgp-IAM  column  (0.5  x  0.8 
cm)  and  the  retention  volume  was  13.3  ml  at  the  concentration  of  1  nM  (profile  A  in  Fig  7) 
at  flow  rate:  0.4  ml/min.  When  a  displacer  ligand,  doxorubicin  (200  nM),  was  included  in 
the  mobile  phase,  the  retention  volume  of  1  nM  [^H]-VBL  was  decreased  from  13.3  ml  to 
6.5  ml  (profile  B  in  Fig.7).  This  indicated  that  the  retardation  was  partially  due  to  the  specific 
binding  to  saturable  binding  sites  of  PGP. 
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Frontal  chromatography  can  be  used  to  calculate  dissociation  constants,  K^,  for  the  marker 
and  displacer  ligands.  The  experimental  approach  involves  the  variation  of  the 
concentrations  of  Tracer  (T=  a  fluorescent  or  radio-labeled  ligand))  and  the  competitive 
ligands  in  the  mobile  phase.  From  the  resulting  data,  the  association  constants  of  T,  K^,  and 
the  test  drug,  K(jn,g,  as  well  as  the  number  of  the  active  and  available  binding  sites  of 
immobilized  receptors,  P,  can  be  calculated  using  the  following  equations,  Eqn  1  and  Eqn 
2. 

(V...  -V)-'  -  (1+m  K,)(  [P]  K,)-'+(l+[T]  K,)^  [P]  K,K,„,)-'  [drug]'' 

(Eqn  1) 

(V  -  V„  [P]  K,)-'  +  ( [P])-'  [T] 

(Eqn  2) 

In  the  above  equations,  V  is  the  retention  volume  of  T;  the  retention  volume  of  T  at  low 
concentration  (60  pM)  and  in  the  absence  of  drugs;  V„i„,  the  retention  volume  of  T  when  the 
specific  interaction  is  completely  suppressed.  The  value  of  is  determined  by  running 
T  in  a  series  of  concentration  of  drugs  and  plotting  l/(  -V)  versus  l/[drug]  extrapolating 

to  infinite  [drug  ].  From  the  above  plot  and  a  plot  of  1/(V  -  vs.  [T],  dissociation  constant 
values,  Kj,  for  T  and  the  drugs  are  obtained. 

The  retention  volumes  of  [^H] -vinblastine  at  the  different  concentration  in  fi-ontal 
chromatography  and  Eqn  1  and  2  were  used  to  calculate  the  Revalue.  The  obtained  value 
for  [^H]-vinblastme  determined  in  this  technique  is  19  ±  20  nM,  that  is  consistent  with  the 
reported  value,  36  ±  55  nM  (mean  +  SD)  [49].  These  preliminary  results  indicate  that  Pgp- 
based  chromatographic  stationary  phase  can  be  used  for  the  investigation  of  Pgp-substrate 
interactions. 

Future  directions 

We  will  proceed  with  our  column  characterization.  We  will  compare  binding  in  columns 
where  Pgp  is  reconstituted  in  lAM  vs  proteoliposomes.  If  necessary,  we  will  use  purified 
Pgp.  We  will  optimize  ionic  strength  and  pH  of  the  mobile  phase  and  assess  stability  and 
reproducibility  of  Pgp  columns  and  the  effect  of  the  absence/presence  of  ATP  on  binding 
characteristics. 

Using  the  optimized  column,  we  will  evaluate  the  interaction  between  the  PgA  compounds 
and  MDRl  main  anticancer  substrates  (doxorubicin,  taxol,  vinblastine,  etoposide),  to  test  the 
competitive  nature  of  interaction  and  whether  the  respective  binding  sites  are  overlapping. 
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CONCLUSIONS 


We  have  defined  PgA4  formulation  for  in  vivo  treatment  and  established  an  approach  for  the 
preliminary  evaluation  of  our  test  compounds’  in  vivo  MDRl  reversing  efficacy.  Studies  of 
the  in  vivo  activity  are  still  in  progress,  and  we  expect  to  make  major  advances  in  this  area 
in  year  3. 

We  have  synthesized  and  tested  several  new  analogs  of  progesterone  by  reaction  of  Pgl  with 
different  isocyanates.  The  most  potent  of  our  analogs  (PgA13)  is  now  about  95-fold  more 
potent  than  the  parental  compound  progesterone  in  reversing  the  MDRl  phenotype  (using 
a  doxorubicin  accumulation  endpoint).  The  aromatic  F  ring  appears  to  effectively  increase 
MDRl -reversing  activity  (in  terms  of  doxorubicin  accumulation),  but  only  in  the  analogs 
where  the  aromatic  F  ring  is  directly  connected  to  the  urea  group  (phenyl  substitution  on  the 
urea  group).  This  effect  is  partially  or  completely  lost  when  this  distance  is  increased  (e.g., 
benzyl  and  phenethyl  substitution  on  the  urea  group).  The  effect  of  the  F  ring  is  also  lost 
when  it  is  made  relatively  more  positive  by  substitution  with  an  electron  withdrawing  group. 
Most  of  the  gain  in  MDRl -reversing  potency  appears  still  to  be  associated  with  the  proximal 
portion  of  PgAs’  C7  side  chain,  i.e.,  its  E  ring  and/or  urea  groups.  The  new  series  of  analogs 
that  we  will  attempt  to  synthesize  during  the  next  year,  will  further  test  structure-activity 
relationships  and  optimize  MDRl  reversing  activity.  The  new  analogs  will  be  obtained  by 
a  step-by-step  modification  of  the  distal  and  proximal  portions  of  the  C7  side  chain  and  by 
studying  the  effect  of  substitutions  in  the  Cl  7  and  C3  positions  of  the  steroid  nucleus. 

Different  MDRl  substrates  may  bind  to  different  sites  or  localities  in  Pgp.  We  will  define 
whether  PgA  share  binding  sites  with  different  anticancer  substrates  and  evaluate  the 
structure-activity  relationship  of  PgA’s  interaction  with  such  substrates  (specifically, 
doxorubicin,  etoposide,  vinblastine  and  taxol).  To  further  define  the  determinants  of  MDRl 
activity,  all  analogs  will  be  characterized  for  hydrophobicity  and  lipophilicity. 

Our  most  promising  leads  will  be  preliminarily  tested  for  in  vivo  activity  using  our  in  vivo 
doxorubicin  accumulation  assay.  We  have  defined  a  formulation  for  the  in  vivo 
administration  of  PgA4  using  a  cyclodextrin  solution  as  vehicle.  Administration  of  PgA4 
twice  a  day  for  three  days  at  nearly  the  maximally  achievable  dose  has  shown  no  evidence 
of  significant  acute  or  subacute  toxicity  in  preliminary  evaluations.  One  or  a  very  restricted 
number  of  agents  active  in  the  preliminary  studies  will  be  tested  for  a  definitive  evaluation 
of  their  in  vivo  efficacy  using  a  %ILS  or  tumor  growth  delay  assay,  using  equitoxic 
concentrations  of  the  reference  anticancer  drug. 
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Scheme  1.  Synthesis  of  PgA  compounds 
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Scheme  2.  Further  modifications  to  the  distal  portion  of  the  C7  side  chain 
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Scheme  3.  Synthesis  of  compounds  to  test  the  role  of  urea  group  and  E  ring 


Dehydroprogesterone 


HS(CH2)nNH2 


CH3CH2NCO 

V 


k 


HS(CH2),CH3 


n  =  6  (n),  7  (o) 
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Scheme  4.  Synthesis  of  compounds  to  test  the  role  of  the  substituent  position 
on  the  E  ring  and  of  the  distance  between  E  ring  and  urea  group 


Dehydroprogesterone 


p(meta),qf  (ortho)  r(meta).s(ortho) 
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Scheme  5.  Synthesis  of  the  carbon-bridged  analog  of  PgA4(+) 


Table  1.  Solubility  of  PgA4  in  different  solvents 


Solvent 

Solubility  (fng/ml) 

dHp 

0.00179 

Ethanol 

30.4 

DMSO 

27.216 

Propylene  glycol 

13.371 

Glycerin 

0.674 

20%  2-hydroxypropyl-p- 

2.48 

cyclodextrin  (HPCD) 
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Table  2.  Relative  potency  of  different  PgA  compounds  in  reversing  the  MDRl 
phenotype 


Analog 

“R”  function 

Relative  Potency" 

Relative  Potency 
(MDRl-speciJic)'’ 

Rf/Rfn 

PgA4(+) 

1 

1 

0.200/0.560 

PgA4(-) 

VO 

0.91  (0.57/1.24) 

0.80  (0.40/1.20) 

0.200/0.560 

PgAll 

^^Q-CH3 

0.74 

0.58 

0.244/0.592 

PgA8 

aO 

0.78  (0.82/0.74) 

0.99/-“ 

0.248/0.608 

PgA13 

o 

2.36 

3.1 

0.280/0.580 

PgA20 

-Q-OH. 

2.30  (2.54/2.07) 

2.63  (3.05/2.21) 

0.252/0.612 

PgA28 

^3-cf, 

0.91 

0.71 

0.232/0.580 

PgA12 

1.26(1.87/0.85) 

1.12(1.46/0.78) 

0.236/0.588 

PgA5 

0.33 

^^d 

PgA3 

/“CH3 

0.69 

0.80 

0.100/0.400 

PgA2 

y^CH2CI 

0.72 

0.63 

0.120/0.560 

Pg 

(Progesterone) 

0.0242 

__d 

0.520/0.800 

Vrp 

(Verapamil) 

0.36 

0.23 
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Legend  to  Table  2: 


Relative  Potency  =  EC50(pgAx)/EC50(pgA4)  where  mean  observed  EC50(pgA4)  was  641 .5+/-93.2 
SE 

MDRl -specific  Relative  Potency  =  sEC50(pgAx/sEC50(pgA4) ,  where  each  sECjo  represent  the 
EC50  obtained  by  interpolation  on  the  dose-response  curve  corrected  by  subtraction  of  the 
increase  of  doxorubicin  accumulation  caused  by  the  PgA  in  MDRl -negative  cells  .  The 
mean  observed  sEC50(pgA4)  was  1000.7 +/- 74. 5SE 

°  Rfi=  Retention  Factor  as  calculated  by  TLC  using  Hexane:EtAc  (1 : 1)  as  the  mobile  phase 
Rfn=  Retention  Factor  as  calculated  by  TLC  using  Hexane:EtAc  (1 : 18)  as  the  mobile  phase 

The  highest  tested  concentration  does  not  reach  the  50%  reversal  level  after  correction  for 
non  MDRl -specific  effect 
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Figure  2.  Doxorubicin  accumulation  in  LCC6  and  LCC6/MDR1  cells:  effect  of  PgA4 
treatment.  Long  dashed  lines:  doxorubicin  accumulation  in  untreated  LCC6  cells.  Medium 
dashed  lines:  doxorubicin  accumulation  in  untreated  LCC6/MDR1  cells 
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Fig.  3.  Time  dependence  of  doxorubicin  accumulation  in  LCC6  and 
LCC6/MDR1  ascites  cells  in  vivo. 
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[PgA4a]  fiM 

Fig.  4.  Effect  of  PgA4  from  ethanol  and  HPCD  stock  solutions  on  doxorubicin 
accumulation  accumulation  differential  in  LCC6/MDR1  cells.  Long  dashed 
lines:  doxorubicin  accumulation  in  untreated  LCC6  cells  (defined  as  100%  of 
the  differential).  Medium  dashed  lines:  doxorubicin  accumulation  in  untreated 
LCC6/MDR1  cells  (defined  as  0%  of  the  differential). 
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Fig.  5.  Weight  gain  of  Ncr  nu/nu  mice  following  treatment  with  PgA4.  Mice 
were  treated  with  PgA4  15.4  mg/Kg,  twice  per  day,  for  3  days.  Each  symbol 
represents  values  relative  to  a  single  mouse  Dashed  lines  represent  average 
values  per  treatment  group. 
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■  S-(-)-a-methylbenzylisocyanate  (PgA4a)  ♦  phenethylisocyanate 
A  benzylisocyanate  ^  p-methylphenylisocyanate 

Fig.  6.  Effect  of  some  PgA4  compounds  on  doxorubicin  accumulation  in  Pgp- 
positive  (LCC6/MDR1)  and  -negative  (LCC6)  cells.  Results  of  a 
representative  experiment.  Dashed  lines  represent  accumulation  in  each  cell 
line  in  the  absence  of  PgA  treatment. 
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Fig  .7.  Frontal  chromatography  of  VBL  on  the  PGP-SP 
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